Background and Purpose-This study examines the independent effect of wealth, income, and education on stroke and how these disparities evolve throughout middle and old age in a representative cohort of older Americans. Methods-Stroke-free participants in the Health and Retirement Study (nϭ19 565) were followed for an average of 8.5
P
revious studies indicate that lower socioeconomic status is associated with higher stroke risk in many developed countries. [1] [2] [3] Although Ϸ89% of strokes occur after age 65, 4 little is known about how socioeconomic status influences stroke risk in the elderly. Available studies in older populations have yielded mixed results, partially because of the limited socioeconomic status measures available, and, in the US studies, the use of small, geographically localized samples. 1 In the US, stroke disparities across education and income seem to reverse at age 74, resulting in excess stroke among those with high education or income. 1 Several explanations may account for this pattern: First, the negative impact of low socioeconomic status on stroke may diminish because of old-age entitlement programs such as Medicare. However, this hypothesis is not supported by findings from European populations, where socioeconomic disparities in stroke remain up to old ages despite the fact that access to care is universal. 2 This age-attenuation may also be an artifact of selective survival, 5, 6 yet the role of this mechanism remains controversial. 7 A third explanation is that conventional socioeconomic status measures such as education and income are not adequate socioeconomic status measures in the very old, and may not fully represent the resources available to these individuals. In contrast, wealth more comprehensively reflects both lifelong earnings and intergenerational transfers, and wealth increases access to medical care and other material and psychosocial resources. 6 -8 Elderly individuals frequently have little income but substantial wealth. 9 Thus, disparities in stroke by income or education may underestimate the true impact of socioeconomic status on stroke at old age. Wealth remains associated with several health outcomes through late life, 6 but whether wealth remains associated with stroke at old age is unknown.
Based on follow-up data from the Health and Retirement Study (HRS), we examined the independent effects of wealth, income, and education on incidence of first stroke across age strata. Additionally, we assessed the role of cardiovascular risk factors in explaining stroke disparities in US adults. We hypothesized that wealth predicts stroke incidence indepen-dently of income and education, and that this effect persists among the oldest old. To our knowledge, this is the first study assessing the age patterning of wealth, income, and education disparities in stroke in a representative sample of older Americans.
Methods

Study Population
HRS is a longitudinal survey of a national sample of US adults aged 50 or older and their spouses. Details of the study are provided elsewhere. 10 The HRS sample is selected using a multi-stage area probability sample design. Enrolment was staggered by birth cohort with enrolments in 1992, 1993, and 1998 ( Figure) . Response rates were high and ranged from 70% for the 1942 to 1947 birth cohort enrolled in 1998, to a high of 82% for the 1931 to 1941 birth cohort enrolled in 1992, without major differences by demographic factors. The majority of baseline interviews were face-to-face. Biennial interviews (or proxy interviews for decedent participants) were conducted through 2004, with wave-to-wave retention rates being around 90%. We included all HRS participants born 1900 to 1947 who were aged 50-plus and stroke-free at baseline interview.
From 22 672 age-eligible respondents interviewed at baseline, we excluded 1074 (4.7%) prevalent stroke cases and 323 (1.4%) with unknown stroke status at enrolment; 539 (2.4%) without follow-up information; and 1291 (5.7%) with missing values on adult risk factors, for a total sample of 19 445 (1542 stroke events). There was no evidence of systematic differences in missing stroke status by socioeconomic status.
Socioeconomic Status
Household wealth, household income, and education were used as indicators of socioeconomic status. Household wealth comprised the sum of all financial and housing wealth minus liabilities of all members of the household. Household income comprised information on annual earnings by all household members. Missing items for household income and wealth were imputed with hot-decking procedures. 11 The consumption needs of a household grow with each additional member, eg, a household with 2 members needs more income than a household with only 1 member. However, this increase does not occur in a proportional way, as consumption needs for each additional member decrease gradually. 12 To take this into account, we divided income and wealth values by the square root of the number of household members. 12 As expected, the distribution of income and wealth was substantially skewed. Therefore, we reclassified income and wealth values into 4 groups of equal size (quartiles) so that one fourth of the population was in each group, breaking the top and bottom groups into 2 separate categories (Ͻ10th, 10 to 24th, 25 to 49th, 50 to 74th, 75 to 89th, and Ն90th). This was done to explore nonlinearity at the extremes of the distribution and to avoid that outliers at the top or bottom of the wealth and income distribution would bias results. The 75 to 89th percentile group was treated as the reference category because it represents those in the highest wealth or income groups but excluding possible outliers among the very rich (Ͻ10th), thus providing a better estimate of differences in stroke risk by wealth or income. Applying a different categorization (eg, only quartiles) or using a different reference category (eg, the Ͼ90th percentile) did not change our results. In supplementary models, we used the ln of income and wealth as continuous variables. Education was coded as continuous years of schooling completed (up to 17 years), as well as using educational qualifications into 5 categories (no degree; high-school diploma/general educational development (GED) diploma; associate's degree; bachelor's degree; or master's/ professional degree).
Confounders and Intermediary Variables
All models were adjusted for potential confounders temporally before the exposure of interest, including: Hispanic ethnicity, black race, age at first interview (linear and quadratic terms), sex, region of birth (South, Northeast, Midwest, West, non-US, missing), mother's education (Ͻ8 years, Ͼϭ8 years, missing), father's education (Ͻ8 years, Ͼϭ8 years, missing), father's occupation (professional/managerial, white collar, skilled manual, unskilled manual, military, farming, missing), and retrospective report of childhood health (5 point scale from poor to excellent, missing). We adjusted for childhood health because it can influence wealth, income, and education in adulthood, and is thus a potential confounder.
Potential mediators of the association between socioeconomic status and stroke included first available report of: present smoking status, body mass index (BMI), vigorous physical activity (dichotomized at 3ϩ times a week), and hypertension, diabetes, and heart disease (based on baseline self-report of a doctor's diagnosis of these conditions).
Stroke Outcomes
Incident events were defined as first nonfatal or fatal strokes. Strokes were ascertained by self-report of doctor's diagnosis or proxy reports for deceased participants. This approach has been shown to provide accurate estimates of stroke ocurrence. 13 Reports of transient ischemic attacks were not coded as strokes because their symptoms are short and are typically not conceived as full strokes in incident studies. At each assessment, the month and year of stroke were recorded, except for 1994 interviews, when only year was ascertained. For these events, we assigned the most likely month of occurrence based on the study interview schedule and the distribution of event timing observed in other waves. 1992 strokes were assigned December, because we expect them to have occurred after the 1992 interview late that year; April was assigned to 1993 strokes based on the distribution of event timing observed in other waves; and January was assigned for 1994 strokes, because we expect they '23 '30 '41 '47 … '92 '93 '94 '95 '96 '98 '00 02 04 occurred before the 1994 interview wave. For some cases (nϭ303), only the 2-year interval in which the stroke occurred was known. For these cases, we assigned the median stroke date for events reported by other participants in the same 2-year interval. Sensitivity analyses assigning interview dates as stroke dates for these cases did not change results.
Methods of Analysis
Cox proportional hazard models were fitted using wealth, income, and education to predict incident stroke, after confounder adjustment. Survival was defined as time from baseline interview to date of first stroke, date of proxy report of death attributable to other causes, or last interview date. Analyses were stratified into 3 age groups representing critical life-course stages: 50 to 64, 65 to 74, and Ն75. Income, wealth, and education were first modeled separately and then simultaneously incorporated into combined socioeconomic status models to estimate their independent effects. Finally, cardiovascular risk factors were added to the combined models to assess their contribution to stroke disparities. Analyses were conducted using SAS 9.1.
Results
Participant characteristics are summarized in Table 1 . During an average of 8.5 years, 1542 subjects developed stroke. Education, wealth, and income tended to be lower among sample members with stroke events, who were also more likely to report hypertension, diabetes, and heart disease at baseline. Participants in the youngest group (50 to 64) experienced 460 events per 100 000 person-years; the rate more than doubled to 1245 in those aged 65 to 74 and 2161 in those aged 75 and older. The 3 socioeconomic indicators were correlated, but the magnitude of these correlations was modest. Pearson coefficients were 0.30 (PϽ0.001) for the correlation between years of education and income; 0.25 (PϽ0.001) for education and wealth; and 0.56 (PϽ0.001) for the correlation between wealth and income. As compared to men, women in HRS had generally less education, income, and wealth (results not shown).
Ages 50 to 64 Years
The impact of wealth, income, and education on stroke differed across age-strata (Table 2) . At ages 50 to 64, higher education predicted lower risk of stroke (HRϭ0.94, 95% CI: 0.92 to 0.97), but education coefficients were nonsignificant after adjustment for income and wealth. In this young age-group, wealth was strongly associated with stroke incidence. Those in the lowest 10% of wealth had a 3-fold higher risk than those in the 75 to Ͻ90th percentile (HRϭ3.1, 95% CI 2.1, 4.4). This effect was modestly attenuated but remained significant after adjustment for other socioeconomic status indicators (HRϭ2.3 95% CI 1.6, 3.4). Income was associated with stroke in the basic models. However, after adjustment for wealth and education, the estimated coefficient for income was largely attenuated and only significant for the lowest decile (HRϭ1.8, 95% CI 1.3, 2.6). Similar results were observed for men and women (results not shown).
Ages 65 Years or Older
Above age 65, wealth was no longer significantly associated with stroke risk. This pattern remained unchanged after adjustment for education and income (Table 2) , and applied to both men and women (results not shown). A decline in the effect of income on stroke was also observed at older ages. After adjustment for education and wealth, the risk associated with low income was only significant for the lowest decile at ages 65 to 74 (HRϭ1.7, 95% CI 1.0, 2.8), and for the 10 to Ͻ25th income percentile group at ages 75 or over (HRϭ1.6, 95% CI 1.0, 2.6) ( Table 2 ), but sex-stratified models indicated that these effects were only evident among men. Income did not predict stroke in women or in other income categories in either sex beyond age 65 (results not shown). Education was not a significant predictor of stroke beyond age 65. To test whether the apparent age-attenuation was statistically significant, we tested for interactions between age and (continuous) log income, log wealth, and education; in all cases the interaction terms were statistically significant (PϽ0.01) and indicated that the relative risk associated with low socioeconomic status declined with age.
The Role of Risk Factors
At ages 50 to 64 and 65 to 74, lower wealth, income, and education were associated with higher prevalence of hypertension, smoking, low physical activity, BMI, diabetes, and heart disease. At ages 75ϩ associations were less consistent, but at least 1 of the socioeconomic status indicators predicted hypertension, physical activity, BMI, and heart disease (results not shown). Among participants ages 50 to 64, cardiovascular risk factor adjustment attenuated wealth and income disparities in stroke by 30% to 50% (Table 3) . However, a significantly increased stroke risk remained for all categories of wealth below the median and for the lowest income decile (HRϭ1.6, 95% CI 1.2, 2.3). Coefficients for education were not statistically significant after adjustment for wealth and income, and hazard ratios were unchanged after adjustment for cardiovascular risk factors.
Sensitivity Analysis
We conducted sensitivity analysis using the ln of wealth and income as continuous variables and observed similar results. Among 50-to 64-year-olds, the estimated coefficients were 0.96 (0.94 to 0.99) for log wealth, 0.97 (0.92 to 1.02) for log income, and 0.98 (0.95, 1.01) for education, in models adjusted for all 3 socioeconomic status measures and cardiovascular risk factors. At age 75ϩ, these coefficients were all 1.00. Similar results were found for men and women in sex-stratified models (results not shown). Furthermore, results for educational level and wealth did not differ by race. Although the effect of income was slightly stronger among blacks than whites, this interaction was small and not significant.
Discussion
Among men and women aged 50 or older, lower wealth, income, and education were associated with higher stroke incidence rates. This association was mainly attributable to large effects in those aged 50 to 64, among whom wealth and income were strong stroke predictors independently of other socioeconomic dimensions. The effect of all socioeconomic status indicators decreased sharply beyond age 65, resulting in no consistent effect of wealth, income, or education among
Avendano and Glymour
Socioeconomic Disparities in Stroke at Old Age 1535 Sample members were all stroke-free at baseline. *Income and wealth values are standardized by dividing by the square root of household size. †Father's occupationϭarmy is not shown separately because of small cell counts. † †Childhood health ranges from 1 (excellent) to 5 (poor).
the elderly. Adjustment for risk factors attenuated income and wealth disparities in stroke at ages 50 to 64ϫ30% to 50%. Results suggest that wealth and income are independent predictors of stroke at ages 50 to 64, whereas they do not consistently predict stroke beyond age 65.
Study Limitations
Despite the unique strengths in the HRS data, some limitations should be considered. Medical record verification of strokes was not possible, and self-reported stroke data may be inaccurate. However, incidence rates in our sample were similar to those reported in other US studies. For comparison, the Greater Cincinnati/Northern Kentucky stroke study reported first stroke rates in the 50 to 64 year age stratum of 273/100 000 for whites and 637/100 000 for blacks. 14 This is consistent with previous evidence that self-reports are sufficiently accurate for ascertaining stroke events in population surveys. 13 Incomplete stroke ascertainment might have occurred differentially by socioeconomic status, which may have biased our results. However, missing stroke status was unrelated to socioeconomic status. Misreporting of socioeconomic status is possible, but HRS has some of the best available wealth data on US adults, and extensive efforts at verification have been conducted. By using percentiles, the impact of moderate inaccuracies in income and wealth reports was substantially reduced. Furthermore, analyses using substantial amounts of imputed data tend to provide conservative estimates. 11, 15 Differential misreporting of some risk factors may also have occurred, as individuals in the low socioeconomic status groups may be less aware of risk factors such as hypertension and diabetes. Therefore, we may have underestimated their prevalence and thus underestimated their impact on the association between socioeconomic status and stroke in fully adjusted models. 16 Furthermore, we did not have information on other risk factors for stroke that may explain associations, including 
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Socioeconomic Disparities in Stroke at Old Agegenetic factors and family history of stroke, and number of years of smoking. We did not have data on stroke subtypes. Although previous research indicates that lower socioeconomic status is associated with similar increases in risk of ischemic and hemorrhagic stroke, 3, 17 future studies should assess whether wealth effects differ across stroke subtypes.
We presented results simultaneously adjusting for income, wealth, and education. Because these factors influence each other, we may have underestimated their direct effect. 18 For instance, education influences income and wealth, which may have resulted in underestimation of the effect of education in fully adjusted models. Nevertheless, this underestimation cannot explain the overall age-pattern we observed.
Comparisons With Previous Studies
Socioeconomic disparities in stroke have been reported in Europe and the US. 1-3,17, 19 We found large socioeconomic disparities in stroke at ages 50 to 64, but these were substantially attenuated or null after age 65. A previous study in 10 European populations reported that educational disparities in stroke mortality diminish but persist into old age. 2 In contrast, results from a study in New Haven (US) found large disparities in stroke incidence at ages 65 to 74, but a crossover at age 75. 1 Although we observed a similar effect of income on stroke incidence at ages 65 to 74, this effect was largely attenuated after adjustment for education and wealth. Furthermore, although a crossover was not observed in HRS, our results support the view that lower socioeconomic status does not predict excess risk in individuals older than 75.
To our knowledge, this is the first study reporting that lower wealth predicts increased stroke incidence independently of income and education before age 65. Previous reports indicate that wealth is associated with health throughout adulthood and becomes more important than education or income at older ages. 6, 7 Our results suggest this pattern does Models are adjusted for: education, income categories, wealth categories, age, age-squared, male, black, Hispanic, birth regions (northeast, west, Midwest, south, not US, unknown), father's occupation (professional/managerial, white collar, skilled manual, unskilled manual, military, farming, missing), mother's education (Ͻ8 years, 8ϩ years, unknown), father's education (Ͻ8 years, 8ϩ years, unknown), and self-reported childhood health, self-reported diagnosis of hypertension, current smoking, diabetes, heart disease at baseline, level of vigorous activity at baseline, and body mass index at baseline.
HR indicates hazard ratio; 95% CI indicates 95% confidence interval. not apply to stroke, as the age attenuation holds across all socioeconomic indicators, including wealth.
Previous studies suggest that risk factors such as smoking and hypertension explain about half of stroke disparities. 19 Consistently, we found that adjustment for smoking, hypertension, diabetes, heart disease, physical activity, and BMI attenuated income and wealth effects by 30% to 50%, but associations remained significant among those aged 50 to 64.
Interpretation of Findings
Our results offer a mixed picture on the role of wealth as a predictor of stroke. On the one hand, over and above income and education, wealth predicted stroke among 50-to 64-yearolds. Characterizing socioeconomic risk exclusively in terms of education and income may thus underestimate the excess stroke burden potentially attributable to socioeconomic status. It is yet unclear why wealth was more strongly associated with stroke than other socioeconomic dimensions at these ages. A possible explanation is that in the US, wealth is more unequally distributed than income, 9 and racial inequalities in wealth are especially stark. 20 This may result in larger contrast between the top and bottom wealth groups than between the top and bottom income groups. 9 Furthermore, wealth is a special form of capital that represents a broad array of material resources. 6, 20 It is a much more permanent stock that reflects intergenerational transfers of material resources, lifelong accumulation of income, and the impact of costly health and economic shocks. 6, 20 Financial wealth can also provide liquidity in periods of economic stress or lack of income, such as unemployment episodes. 9 Wealth more comprehensively reflects the traditional notion of economic resources available to foster health 6, 20 and may thus have a stronger influence on stroke than income and education at ages 50 to 64.
The mechanisms through which wealth influences stroke risk may involve different pathways. Possessing assets may enhance access to care before and after stroke occurs, buffering the negative impact of risk factors on stroke incidence and increasing survival after stroke. Lower wealth is also associated with higher prevalence of smoking, 21 obesity, 22 diabetes 23 and alcohol consumption, 24 which may increase stroke risk. However, the attenuation of wealth effects on stroke after adjustment for these factors at ages 50 to 64 was small. Alternative hypotheses suggest that wealth may increase individuals' sense of control over their lives, reducing psychosocial stress 25 and subsequently stroke risk. 26 Other psychosocial risk factors such as depression and low social support are also more common in the low socioeconomic status groups and may influence stroke risk. 1 This may occur via cardiovascular risk factors or through direct pathways involving central nervous system activation of autonomic and neuroendocrine responses. 25 On the other hand, one of our most striking findings was the age-attenuation of wealth effects on stroke, because we expected that wealth would be a strong predictor in the elderly. 6 The interpretation of these findings is crucial because the majority of strokes occur after age 65. 4 Our study was based on a relative risk measure (hazard ratio), which typically decreases with age. However, this is not an adequate explanation for our findings, because absolute rate differences between wealth categories also declined with age. This age-attenuation may reflect the impact of entitlement programs such as Medicare, which potentially buffer negative effects of low wealth and income on stroke in the oldest old by enhancing opportunities to access care. However, this hypothesis is not supported by findings from European populations, where the age-attenuation in socioeconomic disparities in stroke is less marked 2 despite universal access to care and generous egalitarian welfare policies. Furthermore, stroke risk is largely determined by exposures across the life course, including those before age 65. Thus, these mechanisms are unlikely to account for our results.
The attenuation of socioeconomic status effects on stroke may be explained by selective survival. This hypothesis postulates that low socioeconomic status individuals die earlier than high socioeconomic status individuals from multiple causes. 6, 7, 27 As a consequence, low socioeconomic status survivors at older ages are a selection of the fit test and therefore no longer comparable to high socioeconomic status survivors. 7 Thus, selective survival could artificially attenuate the association between socioeconomic status and stroke. Previous studies indicate that this is a plausible explanation for the observed attenuation of the effect of socioeconomic status and other demographic factors such as race on mortality. 5, 6, 28 As an age-attenuation was also observed for wealth, our results suggest that this socioeconomic status indicator may also be susceptible to the effect of selective survival.
Cohort and period effects might also explain our results, as the age-attenuation of socioeconomic status disparities in stroke may reflect a different impact of socioeconomic status in different cohorts or periods. For instance, in earlier birth cohorts there may be less variability in socioeconomic status or in risk factors related to socioeconomic status, resulting in weaker associations with stroke compared with more recent cohorts. Age, period, and cohort effects are not distinguished in our study and may make those in the low socioeconomic status groups appear relatively protected from an increased stroke risk. Future studies with longer follow-up should explore how these mechanisms might explain the ageattenuation in socioeconomic status disparities in stroke.
Implications
Our results identify low wealth and income as important risk factors for stroke before age 65. Characterizations of socioeconomic disparities based exclusively on income or education measures probably understate the magnitude of social disparities in stroke risk. Although wealth is a major determinant of stroke, many US residents reach these ages with few assets. Policies that improve economically disadvantaged groups' access to basic resources before reaching old age might reduce stroke rates as these cohorts age. Alternatively, enhancing opportunities for low socioeconomic status individuals to accumulate assets before retirement age might help reduce stroke rates and ameliorate socioeconomic status disparities in stroke. The role of income and wealth may appear limited from a public health perspective because these factors are not related to stroke beyond age 65. However, the age-attenuation of socioeconomic disparities in stroke likely reflects selective survival, a consequence of the cumulative disadvantage faced by individuals throughout the life-course. Disentangling substantive from artifactual explanations will be crucial for interpreting and predicting population trends in stroke and prioritizing prevention strategies.
